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Abstract: The conditions for the positive operation of water conservancy projects are described in
this paper. A scientific and effective evaluation index system was established based on frequency 
analysis, theoretical analysis, and expert consultation. This evaluation index system can be divided 
into six first-level indices: the degree to which facilities are intact and functionality standards are 
reached, the status of operation and management funds, the rationality and degree of advancement 
of the management team structure, the adaptability and rationality of the water conservancy project 
management system, the degree of automatization and informationization of the management 
techniques, and the conduciveness of the exterior environment. The weights for evaluation indices 
were obtained through the analytic hierarchy process method with consideration of the difference 
between public welfare and profit-oriented water conservancy projects. This study provides a 
scientific method for evaluating the positive operation of water conservancy projects. 
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1 Introduction 
Water conservancy facilities are fundamental to the development of the economy and 
society. Because of its climate and geography, flooding and drought often occur in China and 
result in tragedy. Therefore, the Chinese government attaches much importance to water 
conservancy projects and many water conservancy facilities have been constructed since the 
establishment of the People’s Republic of China. However, because the study of operation of 
water conservancy projects is still in the preliminary stages (Gunasekaran et al. 1995; Bouwer 
2000; Rijsberman and Van de Ven 2000; Cheung and Leung 2000; Vonnegut 2000; Zeng and 
Hayya 1999), there is not yet a widely tested and applicable strategy for realizing the positive 
operation of water conservancy projects. Therefore, water conservancy operation and 
management conditions are poor in China. Further study of the positive operation of water 
conservancy projects, the development of these projects within socialist market economic 
systems, and deeper reform in water conservancy is urgently needed. The positive operation of 
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water conservancy projects involves many aspects, its scope is very broad, and its goals are 
numerous. If there is no objective and scientific evaluation index system, the study of positive 
operation of water conservancy projects is not practical and cannot guide the management of 
water conservancy projects.  
Therefore, the conditions for realizing positive operation of water conservancy projects 
can be described only after the positive operation of water conservancy projects is defined. 
Then, a scientific and effective evaluation index system can be established with a definition 
and implication for each index. Finally, with consideration of the difference between public 
welfare and profit-oriented water conservancy projects, the weights for evaluation indices can 
be obtained through the analytic hierarchy process method. 
2 Definition and implication of positive operation of water 
 conservancy projects 
The core goal for the positive operation of water conservancy projects is that the income 
is greater than or equal to the expenditure for the water management units. However, there is 
some one-sidedness in the study of positive operation of water conservancy projects. For 
example, some researchers have only examined social or economic efficiency, while other 
researchers have included the reform of the management system in their investigations. In 
further studies, some scholars have established a definition of positive operation of water 
conservancy projects (Yang 1994; Su 2007). Mu et al. (2006) categorized water conservancy 
projects as public welfare water conservancy projects, profit-oriented water conservancy 
projects, or comprehensive water conservancy projects. The management systems of large 
comprehensive water conservancy projects have been studied (Mu et al. 2006). Meanwhile, 
the basic implications of large comprehensive water conservancy projects were analyzed by 
Mu et al. (2006) as follows: the positive operation of large comprehensive water conservancy 
projects means that the hydraulic engineering facilities remain complete and functional until to 
their service life, the preliminary design functions and goals can be safely achieved during the
operation period, and sustainable and stable economic or social efficiency is maintained 
according to the design functions. 
Therefore, the essence of positive operation of water conservancy projects is as follows: 
under the condition of national economic benefits being greater than or equal to the costs in 
water conservancy projects, the water management units can guarantee the financial balance 
of payments and maintain the simple reproduction of projects, as well as the progressive 
realization of the projects’ expanded reproduction. It can be said that the implications of 
positive operation of water conservancy projects are that the water conservancy projects’ 
financial benefits are greater than or equal to financial expenses and that there is a progressive 
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realization from simple reproduction to expanded reproduction of hydraulic projects. 
The conditions for realizing positive operation of water conservancy projects include the 
following: consistent operation of the project, adequate funds, an effective management 
system, specialization within the management team, a rational structure, automatization and 
informationization of the management techniques, and a good exterior environment. 
3 Evaluation index system 
The operation and management of water conservancy projects involves not only the 
project itself, but also its resources, the society in which it is constructed, and the economy. It 
is a multi-objective, complex and multi-factor system with complex subsystems. It is difficult 
to establish a scientific, comprehensive, accurate, easy-to-use, multi-level and multi-objective 
evaluation index system for the positive operation of water conservancy projects. Therefore, 
an evaluation index system should utilize certain principles, processes, and methods, and the 
evaluation indices should be confirmed through primary selection and optimal selection.  
3.1 Construction principles and method procedure   
The principles for constructing the positive operation evaluation index system of water 
conservancy projects should be both scientific and operational, integrated and independent, 
layered and systematic, qualitative and quantitative, and objective and comprehensive. The 
establishment of the evaluation index system is based on the nature of the project, and moves 
as a process from the individual to the general. It includes the following steps: system analysis, 
target decomposition, primary selection, and optimal selection of the indices. 
3.2 Construction of evaluation index system 
This study adjusted and selected the indices using frequency analysis and theoretical 
analysis after consultation with experts. The primary evaluation index system was constructed 
with consideration of acquirability and maneuverability, after further consultation with experts. 
Finally, the evaluation index system was constructed through principal component and 
independence analysis of the primary evaluation index system. 
3.2.1 Establishment of evaluation index system  
The evaluation index system for positive operation of water conservancy projects was 
established through primary selection and optimal selection, and includes a target layer, a 
criterion layer, and an index layer. The target level is the positive operation evaluation of water 
conservancy projects, the criterion layer is made up of the condition components for positive 
operation of water conservancy projects (first-level index), and the index layer is the concrete 
embodiment of the positive operation of water conservancy projects (Table 1). 
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Table 1 Evaluation index system for positive operation of water conservancy projects and weights for 
index-layer indices 
Index layer 
Target layer Criterion layer 
Index 
Weight for public 
welfare water 
conservancy 
project 
Weight for 
profit-oriented 
water conservancy 
project 
Degree to which water 
conservancy facilities are intact 
0.277 5 0.238 9 Degree to which facilities are 
intact and functionality 
standards are reached (G1)
Degree to which design capability 
standards are reached 0.092 5 0.079 6 
Profit-loss rate of water 
management units  
0.009 3 0.166 4 
Use rate of operation and 
management funds 
0.133 5 0.063 6 
Collection rate of rational water 
(or electricity) fees and stipulated 
fees  
0.063 1 0.063 6 
Status of operation and 
management funds (G2)
Development rate of diversified 
economy 0.029 9 0.024 9 
Adaptation rate of number of 
employed staff to required posts  
0.106 0 0.096 8 Rationality and level of 
advancement of management 
team structure (G3) Standard-reaching rate of 
management talent structure 0.035 3 0.032 3 
Accuracy and rationality index of 
classification and quality for 
water management units 
0.090 0 0.082 3 
Degree of distinct arrangement 
and execution of duty 0.036 5 0.033 3 
Adaptability and rationality 
of water conservancy project 
management systems (G4)
Implementation index of 
management-maintenance 
separation 
0.014 8 0.013 5 
Safe monitoring automatization 
index 
0.037 2 0.034 9 Degree to which 
management techniques are 
automated and 
informationized (G5)
Management informationization 
index  0.018 6 0.017 5 
Index of improvement of 
economic policy 
0.041 9 0.039 3 
Evaluation of water 
conservancy project 
positive operation 
Level of conduciveness of 
exterior environment to 
water conservancy project 
management (G6)
Matching index of relative 
regulations and rules 0.013 9 0.013 1 
3.2.2 Weights of evaluation index system  
Considering the difference between public welfare and profit-oriented water conservancy 
projects, the weights for evaluation indices are obtained through the analytic hierarchy process 
method (Tables 1 and 2). The analytic hierarchy process is an analysis method that 
systematizes policy-making thought for complex, simulated, and quantitative phenomena. 
First, the question is decomposed into a multi-level structure according to its essence and 
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general objective. A judgment matrix is formed through comparisons between every two 
elements at each level, taking their super-level element to be the criterion. Weights are 
obtained through computation of the matrix’s characteristic value and the eigenvector, and 
combination weights are obtained after the weighted average of the super-level element is 
worked out. This computational process is repeated along the hierarchy in a downward 
cascade, and finally the weights of the lowest-level elements are obtained. 
Table 2 Weights for criterion-layer indices of evaluation index system  
Weight for index 
Project
G1 G2 G3 G4 G5 G6
Public welfare water conservancy project 0.370 0 0.235 8 0.141 3 0.141 3 0.055 8 0.055 8 
Profit-oriented water conservancy project 0.318 5 0.318 5 0.129 1 0.129 1 0.052 4 0.052 4 
4 Definition and implication of evaluation index system  
4.1 Definition of quantitative indices 
4.1.1 Degree to which facilities are intact and functionality standards are reached 
(1) The degree to which water conservancy facilities are intact is an important operation 
and management index for water conservancy projects and it determines the service function. 
The degree to which water conservancy facilities are intact = the number of facilities with high 
technical performance / the total number of facilities × 100%. 
(2) The degree to which design capability standards are reached = the practical capability/
the design capability × 100%. 
4.1.2 Status of operation and management funds 
(1) The profit-loss rate of water management units is one of the main indices that reflects 
the status of the operation and management funds and helps determine whether water 
conservancy projects can be reproduced or not. The profit-loss rate of water management units = 
the profit-loss quantum of water management units / the total cost × 100%. The profit-loss 
quantum of water management units = the total income of the operation service – the total cost – 
the tax. 
(2) The appropriate use of operation and management funds according to the nature of 
each individual project and based on cost accounting is a condition for realizing positive 
operation of water conservancy projects. The use rate of the operation and management funds = 
the used funds / the total funds needed for operation and management × 100%. 
(3) The collection rate of rational water (or electricity) fees and stipulated fees = the 
quantum of actual collected water (or electricity) fees and stipulated fees every year / the
quantum of rational collected water (or electricity) fees and stipulated fees according to the 
standard every year × 100%. Rational collected water (or electricity) fees and stipulated fees 
according to the standard can enable the production or reproduction for water 
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conservancy projects. 
(4) Development of water management units should include the development of a 
comprehensive economy in order to make good use of the human resources, material resources, 
and water and soil resources within the management scope while managing and utilizing water 
conservancy projects well and developing the water resources. The rate of development of a 
diversified economy = the actual income from the diversified economy/ the objective income 
from the diversified economy × 100%. 
4.1.3 Rationality and level of advancement of management team structure 
(1) The number of posts should conform to the lowest quantity principle and the 
personnel quota while the number of the workers is adapted to the posts required for water 
management units. The adaptation rate of the number of employed staff and the posts 
required = the present number of workers employed / the number of workers required × 100%. 
(2) The standard-reaching rate of the management talent structure = the actual number of 
professional technical personnel / the ideal number of professional technical personnel× 100%. 
4.2 Implication of qualitative indexes 
4.2.1 Adaptability and rationality of water conservancy project management system 
(1) The accuracy and rationality index of classification and quality for water management 
units: In order to realize the positive operation of water conservancy projects, the category and 
nature of the water management units should first be made clear. Second, the operation and 
management system should be formed with a clear division of functions and duties. Third, 
internal reform of water management units should be carried out according to principles of 
simplified administration, higher efficiency, and greater staff enthusiasm, which contribute to 
the water conservancy projects’ safe operation and comprehensive benefit development.  
(2) The degree of distinct arrangement and execution of duty: A distinct and efficient 
system should be built according to the nature of the water management units. A promotion 
mechanism that regards responsibility resolution as its core should be established, while a 
reward and punishment system that regards target assessment as its core should be built. 
Normative implementation and enforcement is realized through the resolution of 
responsibilities, distinct duties and rights, supervision and handling, reward and punishment, 
and public supervision and appraisal.  
(3) The implementation index of management-maintenance separation: 
Management-maintenance separation can be realized through maintenance bidding (Mu and 
Zhao 2005), promotion of contract management, cultivation of the enterprise and the market, 
and selection of the subject of the water conservancy project’s maintenance.  
4.2.2 Degree to which management techniques are automated and informationized 
(1) The safe monitoring automatization index: The automatic safety monitoring system 
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includes monitoring of data collection and the database of working conditions. The monitoring 
data consist of the saturation line, seepage discharge, deformation displacement, structural 
joint tension, and uplift pressure at the dam foundation. The monitoring system must be online 
to detect abnormal structures in a timely manner or forecast the development trend in order to 
treat problems and maintain the equipment. At the same time, perambulation of administrative 
staff is needed to cope with abnormal conditions in a timely and ready manner. 
(2) The management informationization index: The whole management of the water 
conservancy project is brought into the information management mode through construction 
of the basic database and operation and management database for water conservancy projects, 
while standardizing collection, management, and reporting of the basic status.  
4.2.3 Level of conduciveness of exterior environment to water conservancy     
project management 
(1) The index of improvement of economic policy: The positive operation of water 
conservancy projects requires a good external environment. Operation and management 
expenses for public welfare water conservancy projects are financed through corresponding 
economic policies, while the setting of a water price can allow for the recovery of the total 
cost (including depreciation) with a reasonable profit for profit-oriented water 
conservancy projects. 
(2) The matching index of relative regulations and rules: The positive operation of water 
conservancy projects requires the appropriate environment. For instance, there should be 
relevant laws, rules, and regulations as a safeguard for effective operation and management. 
This allows for the achievement of a legal basis for operation and management of water 
conservancy projects and the promotion of the standardization of operation and management 
of water conservancy projects. 
5 Conclusions  
A scientific, rational, and feasible evaluation index system must be established to 
evaluate the positive operation of water conservancy projects, which includes many factors 
and covers a broad scope. Conditions for realizing the positive operation of water conservancy 
projects are advanced in this paper. A scientific and effective evaluation index system with 
definitions and implication of every index was established by selecting indices based on 
frequency analysis, theoretical analysis, and expert consultation, after confirming the 
construction principles and methods. Finally, considering the difference between public 
welfare and profit-oriented water conservancy projects, the weights for evaluation indices 
were obtained through the analytic hierarchy process method. This is very important to 
realizing positive operation of water conservancy projects and to constructing operation 
mechanisms in line with socialist market economic development. A case study should be 
conducted to validate the applicability of this evaluation index system in the future.  
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